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I. INTRODUCTION
Optical Code Division Multiple Access (OCDMA) is becoming a prominent multiple access technique and receiving considerable attentions in local area networks. The system offers various advantages such as providing a natural security to the system, increasing the network capacity and enabling multiple number of users to access the networks simultaneously [1] , [2] . This is done by assigning the unique code sequences to the users in the network. The code sequence will carry the data from the transmitter to the respective receiver. The unique code sequence will be recognized only by the intended receiver. In OCDMA, the main reason of the performance degradation when a large number of users are involved is the multiple access interference (MAI). In order to have a higher system performance, one needs to design a coding scheme which can eliminate the MAI effects. In Spectral Amplitude Coding (SAC), the unique code sequences are formed by using spectral components which are inherently in order. The spectral components are produced by spectrally slicing the broadband source' s spectrum using arrayed of Fiber Bragg Gratings (FBGs) as the encoder module. Hence, from a given number of users K and a code length N, MAI can be determined by the value of in-phase crosscorrelation AC between the unique code sequences.
In SAC-OCDMA system, MAI can be completely eliminated by using an ideal or fixed AC such as in m-sequence, Hadamard and MDW code [3] , [4] . The codes can successfully eliminate MAI and also suppress the effects of phase induced intensity noise PIIN. PIIN occurred due to the spontaneous emission of broadband source. It can 0-7803-9731-2/06/$20.00 C2006 IEEE be suppressed by keeping the kC as small as possible [5] . The elimination of MAI is realized by using a detection technique which detects a signal from a normal decoder (DEC) and the complement of the decoded signal (DEC) [3] .
II. MDW CODE MDW code is developed in a family of the Double Weight (DW) code [4] . This coding scheme is designed in a way to decrease the number of FBGs used in the encoder and decoder modules and to maintain the cross-correlation, Atc parameter to 1. The MDW allows the code weight to be in any even number which is greater than two. The basic of this code is denoted by (N, w, 1) for the code length N, code weight w while the inphase cross-correlation c is always maintained at 1, respectively. The basic code can be best described follows [4] : As shown in Hmi matrix, all the high bits (bit 1 known as chip) are placed in pair. This will allow a single FBG to be used for every two chips. Noticed that, the Hmi matrix also has the columns combination of chips in the form of 1-2-1. The double weight pairs are maintained in order to allow only 2 overlapping of chips in every column. This is important to maintain A = 1.
In AND subtraction technique, the crosscorrelation Oxy (k) is substituted by 0(XH)Y, where 0(X,8Y) represents the AND operation between sequences X and Y. For example, let X = 0011 and Y= 0110 and therefore (XAND = 0010. The technique can be best described by using Fig. 1 Table 1 shows that the product of the codes X and Y will produce one which indicates the overlapping chip occurred at A2 . Then the product of X and Y is substituted by 0(xH)y which produced zero or in other words, it means that the MAI is eliminated.
IV. RESULTS AND DISCUSSION
The study of the power differences between the upper and lower branches has been carried out by observing the system with the employment of serial and parallel configurations of encoder and decoder modules. In these configurations, the FBGs are placed in serial and parallel to construct the encoder and decoder modules. In this study, the observation is mainly conducted at the receiver of the system which contains two PIN photodiodes for each user. Each PIN is connected to the upper and lower branches as shown in Fig. 2 Fig. 2 shows that the power received by the upper PIN and lower PIN are set to the values that will produce the resulted subtraction of -5dB to 60dB. This is done by placing the attenuators before both of the PINs to set the desired power at the upper and lower branches. The effect of the power differences to the system performance is studied based on the bit error rate (BER). Fig. 3 and Fig. 4 show the graph of BER versus power differences for the serial and parallel configuration of encoder and decoder modules, respectively. The trend of the graphs obtained for the serial and parallel configurations are similar. Both graphs show that when there is no power difference between the branches or the upper branch received power is less than the power received by the lower branch (negative power difference), the system performance is poor with the BER of only 1.00. This is because the upper branch works as the decoder to detect the received codes and match them with the existing codes specified for the channel. Meanwhile, the lower branch represents the overlapping chips (or wavelengths) of a certain user's code sequence with the other users' code sequences in the system. The overlapping chips are also known as the correlated chips consist of the information which belongs to the other users possessing the same wavelength assigned in their code sequences. This information is observed as a noise and it needs to be eliminated. Therefore, if the power at the upper branch is smaller than the lower branch, hence the Meanwhile, BER of 3.82 x 10-1" and 8.64 x 10-13 for Channel 1 and Channel 2, respectively were achieved for the parallel configuration. Both graphs also show that for power difference from 5dB to 20dB, the BER is rising exponentially. At 20dB and onwards, the BER remained stable. This is due to the ideal amplifier used in the configuration to amplify the upper branch power to -9.46dBm while the lower branch power is reduced to -29.46dBm by an attenuator. When the signal at the upper branch is amplified, the noise due to the correlation is also amplified. At the same time, the lower branch power which is used to handle the noise is attenuated to a small value. Hence, the process to eliminate the noise is unsuccessful since the noise is too high resulting from the amplification process.
V. CONCLUSIONS
The major limitation of the SAC-OCDMA system performance is mainly due to the MAI effects. A unique code sequence with a higher w are always preferable for the ability to provide a better system performance due to the high power received provided by a multi-weight code. Meanwhile, the al multi-weight code sequence design strongly needs to consider the overlapping wavelengths assigned in the codes when it comes to the simultaneous transmission of multiple numbers of users. These in turn will increase the effects of MAI. Therefore, properly designed coding system and the detection technique used at the receiver are critical to increase the performance of the SAC-OCDMA system. In this research, the detection technique used is the AND-subtraction which enables the simplicity of the decoder development. The MAI can be canceled without the need of a compensation scheme. The AND-subtraction technique can be optimized to give a maximum system performance when the power difference between the upper and lower branches is approximately 5dB.
